Abstract
Introduction
Rates of hepatocellular carcinoma (HCC) have tripled over the past 30 years [1] , with more than 35,000 new cases diagnosed annually in the US [2, 3] . While the incidence of HCC continues to rise, the overall 5-year survival rate remains extremely low at <12% [2] . Though diagnosis with early-stage HCC provides opportunities for several potentially curative treatment options [4] , presentation with advanced HCC (Barcelona Clinic Liver Cancer [BCLC] Stage C) was historically met with limited treatment options and poor prognosis [5] . Until recently, there was no systemic therapy demonstrated to effectively treat individuals with advanced HCC [6] . In November 2007, sorafenib, a novel oral multikinase inhibitor, was approved as a first-line systemic treatment for advanced, inoperable HCC by the Food and Drug Administration (FDA) [7] . The approval was based on 2 independent phase III randomized trials demonstrating prolonged median overall survival in individuals with advanced HCC treated with sorafenib compared to placebo [8, 9] . As a new molecular-targeted therapy, sorafenib has the potential to provide significantly new treatment choices to those with previously limited options; however, clinical and payer groups remain conflicted about treatment recommendations [10] [11] [12] .
Since the approval of sorafenib, studies have focused primarily on the safety and efficacy of this new molecular-targeted therapy in single-institution, clinical settings [5, 13, 14] . While these studies have each demonstrated clinical benefit in treating advanced HCC [5, 13, 14] , others note the need to balance this opportunity with the potential for side effects and high treatment costs in the community setting [15, 16] . Specifically, treatment with sorafenib may cause a higher incidence of adverse drug reactions, such as hand-foot skin reactions, hypertension, and diarrhea, as well as an estimated USD 10,000-15,000/month in drug-related treatment costs [8, [17] [18] [19] [20] . Further, although trials to demonstrate the initial efficacy of sorafenib were limited to well-selected clinical populations [8, 9] , the adoption of sorafenib into oncology practice since FDA approval in 2007 is not well understood.
To further understand the adoption of sorafenib and associated survival for individuals diagnosed and treated with advanced HCC in oncology practices, we conducted a populationbased evaluation of treatment patterns and outcomes for this newly approved drug in the US over time. We hypothesized that sorafenib treatment would vary across patient demographic and clinical characteristics and that, consistent with earlier clinical trials, we would find a survival benefit in those treated with sorafenib for advanced HCC in oncology practices.
Materials and Methods

Data and Sampling
We used the 2007 and 2012 National Cancer Institute (NCI) Patterns of Care data for our study [21] , which included a random sample of individuals diagnosed with HCC in the Surveillance, Epidemiology and End Results (SEER) Program registries. The SEER Program is a large set of population-based cancer registries in the US, covering more than 28% of the US population [22] . SEER currently collects information on individuals' demographics, cancer diagnosis, tumor characteristics, initial treatment, and follow-up for vital status [22] . As the SEER Program is primarily hospital based, adjuvant therapy for cancer treatment provided in an outpatient setting may be underreported. As a result, the NCI annually conducts more comprehensive data collection on cancer treatment for a sample of patients diagnosed in a SEER area with select cancers [21] .
After obtaining institutional review board approval, individuals diagnosed with HCC were stratified by sex, age (2007 only), race/ethnicity, and registry, with a random sample taken from each stratum. Individuals diagnosed at <20 years of age (due to the small number of individuals diagnosed prior to this age); those diagnosed previously with cancer (except for non-melanoma skin cancer); those diagnosed simultaneously with another cancer (as this may have influenced primary HCC treatment); and those diagnosed at autopsy or on the death certificate only (as they would be ineligible for treatment) were ineligible. In order to obtain more stable estimates of racial/ethnic minorities, non-Hispanic Blacks, Hispanics, Asians/Pacific Islanders, and American Indians/Alaskan Natives were oversampled; however, the final sample is representative of the SEER data. Individuals were included in the sample regardless of whether they were entered on a clinical trial protocol for their treatment. After abstractor training was held to ensure consistency of data collection, hospital data on patient demographics, cancer diagnoses, comorbidities, Child-Pugh score, and initial treatment were abstracted, and each person's treating physicians were contacted to verify treatment [23] . Each physician was asked if other physicians provided treatment to the individual, and these physicians were also contacted.
Patients
We included individuals diagnosed with BCLC Stage C HCC (International Classification of Diseases for Oncology, 3rd edition, topography C22.0 and morphology M8170-75; 8180). Individuals were classified as having BCLC Stage C if the physician-verified disease was categorized as Child-Pugh score A-B with portal invasion, nodal involvement, or metastatic disease [24] . Performance status was not available for use in the classification. After taking a random sample of those diagnosed in the population-based SEER Program registries in 2007 and 2012 using the methodology stated above, our final sample included 550 individuals with newly diagnosed advanced HCC -allowing us to make inferences about treatment patterns and outcomes for this population as a whole.
Key Measures
Treatment. Treatment was defined as therapies planned or administered for HCC from the medical record or physician report. For our analysis, we categorized individuals as receiving sorafenib (within 12 months of diagnosis), surgery, liver transplant, systemic chemotherapy, radiofrequency ablation, multiple therapies, no treatment, and unknown treatment.
Survival Time. Time to death for 12-month mortality calculations was defined as the number of months from a patient's diagnosis until death or 12 months, whichever came first. Survival is recorded in whole months in the SEER Program registries for confidentiality reasons.
Patient Demographic and Clinical Characteristics. We categorized information on year of diagnosis (2007 or 2012), age at cancer diagnosis (categorized as <50, 50-59, 60-69, and ≥ 70 years), sex (male or female), race and ethnicity (categorized as non-Hispanic White, non-Hispanic Black, Hispanic, and Asian/ other), and marital status (married/living as married and other). Insurance status was categorized hierarchically from all insurance providers recorded in the medical record into any private insurance (including military), any Medicaid, Medicare only, and no or unknown insurance. Median income for the individual's census tract at diagnosis was categorized as USD ≤ 50,000/year or USD >50,000/year. Finally, the presence of cirrhosis or hepatitis (A, B, or C) as well as the Child-Pugh score at diagnosis (A or B) were categorized based on documentation of disease by the physician or medical records.
Analysis
We first conducted bivariate analyses using χ 2 tests to examine the unadjusted differences in sorafenib use across patient demographic and clinical characteristics. We then used multivariable logistic regression to examine the association between patient demographic and clinical characteristics and treatment with sorafenib, adjusting for year of diagnosis, age, sex, race/ethnicity, marital status, insurance, median census tract income, hepatitis, cirrhosis, and Child-Pugh score. Finally, we used multivariable Cox proportional hazards regression to examine the association between treatment for advanced HCC and 12-month all-cause mortality, adjusting for all variables included in our logistic regression model as well as treatments received. All estimates from our analyses were weighted using sample weights in order to be representative of the population from which the sample was drawn. The sampling weight is calculated as the inverse of the sampling proportion within each sampling stratum. All analyses were conducted using SAS (SAS Institute, Cary, NC, USA) and SUDAAN (RTI International, Research Triangle Park, NC, USA) statistical software in order to allow for sample weights to adjust standard errors appropriately. All p values were two-sided, with a p < 0.05 considered significant.
Results
We identified a sample of 550 individuals diagnosed with advanced HCC in the 2007 and 2012 NCI Patterns of Care Study. The majority of individuals were diagnosed in 2012 (60.4%), over 60 years of age (54.0%), male (83.5%), and non-Hispanic White (53.9%; Table 1 ). Further, most individuals were married, were insured under private insurance (53.1%), and had a median income of approximately USD 50,000. Clinically, in our sample of advanced HCC patients, the majority had been diagnosed with hepatitis (52.6%) and cirrhosis (60.0%) and were classified as Child-Pugh score Class B (63.0%; Table 1 ). Of the 309 individuals with Child-Pugh score Class B, 45.8% had metastatic disease and 57.0% had portal invasion (data not shown).
Sorafenib Use across Patient and Clinical Characteristics
Overall, 28.8% ( n = 186) of individuals were treated with sorafenib in 2007 or 2012 ( Table 1 ). However, we found no significant increase in the proportion of patients treated with sorafenib from 2007 to 2012 (26.3 vs. 30.4%, respectively; p = 0.37). In unadjusted analyses, we found significant variation in sorafenib use by race/ethnicity (39.5% of Asians/ other race/ethnicity, 32.8% of Hispanics, 31.7% of non-Hispanic Blacks, and 23.6% of nonHispanic Whites; p = 0.01), insurance status (34.2% of privately insured vs. 17.6% of uninsured/unknown insurance status; p = 0.04), and Child-Pugh score (39.7% Class A vs. 22.4% Class B; p = 0.0004). No significant differences in sorafenib use were found for age at diagnosis, sex, marital status, median census tract income, hepatitis, or cirrhosis status ( Table 1 ) .
After adjusting for patient and clinical characteristics, we continued to find no significant increase in the use of sorafenib over time ( Table 2 ) . However, non-Hispanic Blacks (odds ratio 1.89, 95% confidence interval [CI] 1.03-3.46 vs. non-Hispanic Whites) and those with a lower Child-Pugh score (odds ratio 0.46, 95% CI 0.27-0.79 for Class B vs. A) remained more likely to receive sorafenib ( Table 2 ) .
12-Month Mortality
More than 79.6% ( n = 439) of patients with advanced HCC in our study had died by 12 months after diagnosis. The median survival was 7 months in those treated with sorafenib compared to 3 months in those receiving other treatments. After taking patient and hospital factors into account, we found that the type of treatment patients received was highly associated with the 12-month relative hazard of death ( Table 3 ) . Specifically, individuals receiving systemic therapy only (median survival 3 months), radiofrequency ablation only (median survival 2.5 months), or no treatment (median survival 2 months) all experienced a higher risk of death than those treated with sorafenib (median survival 7 months), while those receiving a transplant experienced a lower risk of death (median survival not reached at 12 months) ( p < 0.05 for all). Further, we found that patients who were older at diagnosis or had a Child-Pugh score Class B (hazard ratio 1.43, 95% CI 1.07-1.90 vs. Class A) all had a higher hazard of 12-month mortality.
Discussion
In our population-based study of 550 individuals treated for advanced HCC, we found that sorafenib treatment has not been widely adopted into oncology practice. Only 30.4% of individuals were treated with sorafenib in 2012, which is a nonsignificant increase in use since FDA approval in 2007. Few demographic or clinical factors apart from a lower ChildPugh score and race/ethnicity predicted sorafenib use in clinical practice; however, consistent with phase III clinical trials [8, 9] , we demonstrate that sorafenib treatment in oncology prac- tices was associated with a lower risk of death. Given the limited treatment options for patients with advanced HCC [6, 25, 26] , this study serves as a starting point to understand variation in the treatment with sorafenib.
Prior to the FDA approval of sorafenib, there was no systemic therapy demonstrated to effectively treat individuals with advanced HCC [6, 26] . Since 2007, sorafenib has become the recommended first-line systemic treatment in individuals with HCC who are not candidates for curative treatments, including surgical treatment or locoregional therapy [12, [27] [28] [29] [30] [31] . These findings were based on the results of 2 phase III, double-blind, placebo-controlled trials, the first of which (the SHARP trial) examined median survival and radiologic progression in a group of 602 individuals with advanced HCC who had not received previous systemic treatment [8] . The SHARP trial found a median survival improvement for those treated with sorafenib versus placebo of 2.8 months (median survival 10.7 months in the sorafenib group vs. 7.9
Odds ratio (95% confidence interval) [8] . Similar to the demographic composition of our current population-based study, the SHARP trial included a predominantly male (87%) population with a median age between 64 and 66 years of age with advanced HCC (82% BCLC Stage C). However, the trial population included individuals with lower levels of underlying disease, including hepatitis B or C (<30%), who were predominantly characterized as Child-Pugh Class A (95-98%). The second phase III trial of sorafenib versus placebo was conducted in individuals diagnosed within the Asian-Pacific region and found a comparable survival benefit of 2.3 months (median survival 6.5 months in the sorafenib group vs. 4.2 months in the placebo group) [9] . However, compared to our population-based study of individuals diagnosed with advanced HCC in the US, the Asia-Pacific study included individuals younger at diagnosis (median age 51 years) with significantly higher rates of hepatitis viral infection (70-77% with hepatitis B virus infection), consistent with the earlier age at onset and concentration of more than 50% of HCC cases in China alone [32] . The population demographics of these randomizedcontrolled studies (i.e., predominantly Child-Pugh Class A) lend support to the trends in our current study, where we identified that individuals with Child-Pugh score Class B were half as likely to receive sorafenib as those with Class A ( Table 2 ). However, we found no significant difference in cirrhosis or hepatitis status, suggesting that adoption of new therapies for advanced HCC has extended beyond the well-selected clinical populations identified in prior clinical trials. These findings will have important implications for future adoption patterns given recent advances in systemic therapy for advanced HCC, where Bruix et al. [33] recently demonstrated in a phase III clinical trial (RESORCE study) that regorafenib provided significant survival benefits for advanced HCC patients who progressed on sorafenib treatment.
What is less clear is the racial/ethnic variation in receipt of sorafenib we identified in our study, with non-Hispanic Blacks almost twice as likely to receive this therapy as non-Hispanic Whites. In our sample, a higher proportion of non-Hispanic White individuals had some more favorable disease prognoses, including a lack of hepatitis or cirrhosis, compared to other racial/ethnic groups (data not shown), which may have allowed for more aggressive therapies, such as transplant. Prior research on the role of race/ethnicity in cancer treatment has demonstrated a complex relationship between access to and use of novel therapies, race, and survival [34] . Specifically, significant racial variation has been demonstrated in both the diagnosis and treatment of HCC, with Black patients being more likely to be diagnosed at a more advanced stage, having lower utilization of surgical management and similar or worse survival compared to White patients [34, 35] . Given that these previous studies have demonstrated that diagnosis with more advanced stage and higher rates of comorbid conditions may preclude surgical management, a higher utilization of sorafenib in the non-Hispanic Black population may make sense clinically in a population with few other treatment options. Future research should continue to examine the complex interaction between race/ethnicity and treatment utilization in the US population.
While few demographic or clinical factors predicted sorafenib use, we found significantly improved survival in those treated with sorafenib compared to systemic chemotherapy, radiofrequency ablation, or no treatment after adjusting for clinical and demographic factors. Unadjusted differences in median survival times for individuals treated with sorafenib versus any other treatment showed survival differences (4 months' improved survival) consistent with prior phase III clinical trials ( Table 3 ) . However, we identified significantly better survival for those treated with transplant relative to sorafenib, likely due to the more favorable prognostic indicators for these individuals, including lower rates of portal invasion and distant metastasis compared to those treated with other therapies. We additionally found worse survival in those older at diagnosis as well as in those with a higher Child-Pugh score, which may indicate worse performance status or potentially lower tolerance for the demonstrated adverse drug reactions, such as hand-foot skin reactions, hypertension, and diarrhea [8, [17] [18] [19] [20] ] . While we were not able to specifically examine the impact of performance status or adverse reactions in our study, future evaluations should focus on the tolerability of sorafenib outside of well-designed clinical trials or academic health settings in order to understand the potential treatment burden in the general population of individuals with advanced HCC [13] . Additionally, considering the estimated USD 10,000-15,000/month in drug-related treatment costs for sorafenib, continuing discussions surrounding the effectiveness of sorafenib relative to costs will be needed to balance this novel treatment opportunity with the potential for side effects and high treatment costs in oncology practices.
While we demonstrated population-based trends in a novel therapy for advanced HCC, we recognize certain limitations. First, we could not determine patients' performance status in the current study. Additionally, we did not have information on the presence of non-alcoholic fatty liver disease or alcohol use. However, our study allowed us to evaluate a broad array of clinical and treatment characteristics, including comorbidities, and the presence of cirrhosis and hepatitis. Comorbidities were collected, and the presence of cirrhosis and hepatitis was used in our analysis. Finally, we did not have information on the clinical management of patients in our study with hepatitis or cirrhosis, which may influence treatment decisionmaking. While these patients may have undergone active surveillance or treatment based on current clinical guidelines, a recent study has identified poor compliance with these recommendations in a large academic health center [36] . Overall, this large, population-based sample of individuals with advanced HCC can serve as a starting point for understanding the adoption of new therapies in this complex population.
In conclusion, despite these limitations, our large population-based study of individuals diagnosed with advance HCC in the US demonstrates that sorafenib treatment has not been widely adopted into oncology practice since FDA approval in 2007. Further, few factors apart from the Child-Pugh score and race/ethnicity predict sorafenib use in clinical practice, although sorafenib treatment is associated with a lower risk of death. Our findings go beyond the initial efficacy trials which included only well-selected clinical populations [8, 9] and provide a first look at limited sorafenib adoption patterns and associated survival in the general oncology population throughout the US. Our findings can be used to further the discussion surrounding appropriate adoption of sorafenib in light of ongoing discussions of promoting value in cancer care.
